thyroidectomy or lobectomy with or without regional lymphadenectomy. Each diagnosis was confirmed by a pathologist on hematoxylin and eosin -stained slides, using standard histopathological criteria. The diagnosis was established according to the World Health Organization criteria based on postoperative pathohistological examination. 22 Tumor size was categorized in accordance with the TNM staging system. 23 On the basis of pathohistological examination, tumors were classified into 4 histological variants: classic variant of PTC (CV -PTC), follicular variant of PTC (FV -PTC), tall cell variant, and papillary microcarcinoma. 22 Immunohistochemistry The expression of VEGF, CD31, COX -2, D2 -40, and p27 proteins was assessed using immunostaining. Thyroid tissue sections were routinely fixed in 4% buffered formaldehyde, dehydrated through a graded alcohol series, cleared in xylene, and embedded in paraffin. The paraffin -embedded tissue samples were sectioned at 4 to 5 μm, and the tissue sections were deparaffinized by 2 washes in xylene for 10 minutes and rehydrated in a series of 100%, 96%, 70%, and 50% alcohol solutions. Immunohistochemical staining was performed according to the streptavidin -biotin method. Briefly, sections were incubated with 3% hydrogen peroxide to block endogenous peroxidase activity and then microwaved for 20 minutes in 10 -mmol/l sodium citrate (pH 6.0). The sections were incubated with antibodies (all from Abcam, Cambridge, Massachusetts, United States) against VEGF (mAb, 1:200, #ab16 883), CD31 (pAb, 1:200, #ab28 364), COX -2 (pAb, 1:1000, #ab15 191), D2 -40 (mAb, 1:200, #ab77 854), or p27 (pAb, 1:500, #ab7961) for 60 minutes. Commercially available staining kits (Mouse specific HRP/DAB [ABC] Detection IHC Kit, #ab64 259 and Rabbit specific HRP -AEC Detection IHC Kit, #94 361; Abcam, United Kingdom) were used for marker detection. Negative controls were subjected to the same procedure with the omission of the primary antibody incubation step. Positive controls consisted of tissue known to contain the protein of interest.
Assessment of protein staining Immunohistochemical staining was evaluated independently by 3 pathologists in a blinded fashion. Pathologists without clinical knowledge of the patients quantified and scored the samples. VEGF, COX -2, and p27 samples were graded using a semiquantitative scoring system based on the percentage of stained cancerous tissue, adjacent tissue, as well as noncancerous tissue (MNG): negative (≤10%) or positive (>10%). 24 Patients with poor quality of immunostaining were excluded (VEGF expression, 2 patients; COX -2 expression, 4 patients; and p27 expression, 1 patient).
Quantification of microvascular density and lymphatic vessel density MVD was measured using the panendothelial cell marker CD31. The assessment lymphangiogenesis is determination of the microvascular density (MVD) and lymphatic vessel density (LVD). MVD and LVD indicate an increased risk for tumor progression and predict disease outcome.
6,7
The crucial event in the uncontrolled formation of new blood and lymphatic vessels in the tumor is a disturbance in the balance between stimulators and inhibitors of these processes. 8-10 Members of the vascular endothelial growth factor (VEGF) family are key stimulators that exert multiple effects on both angiogenesis and lymphangiogenesis. 3,11 VEGF, also known as VEGF -A, is a critical regulator of tumor angiogenesis and acts as a stimulator of proliferation, migration, and endothelial cell survival. 12 Lymphangiogenesis is mainly driven by VEGF -C. 13 A molecule that may be involved in VEGF transcription is cyclooxygenase 2 (COX -2), thus suggesting a possible interaction between COX -2 and VEGF that promotes carcinogenesis. 14 Moreover, evidence suggests that the level of COX -2 correlates with increased MVD in tumors. 15 Additionally, previous studies have indicated that COX -2 may be involved in the upregulation of VEGF -C. 16 It is well documented that VEGF is an endothelial cell -specific mitogen, but the effects of COX -2 on cell proliferation are not completely clear. In fact, COX -2 and its subsequently derived prostaglandins may modulate the cell cycle by altering the activities of cyclin -dependent kinase (CDK) inhibitors. 17 p27 kip1 (p27) is a CDK inhibitor that regulates the transition from the G1 to the S phase of the cell cycle. 18, 19 Previous studies have shown that p27 expression has both diagnostic and prognostic significance in various human cancers, including endocrine tumors. 20, 21 In general, PTC is a well -differentiated tumor with a high survival rate. However, when tumor progression occurs, patient survival is significantly affected. Additionally, despite the high incidence and increasing knowledge of PTC, the clinical behavior and disease outcome of its histological variants remain controversial. The main goal of this study was to evaluate the impact of the expression of biological markers such as VEGF, COX -2, and p27 on the angiogenic and lymphangiogenic profiles in PTC and its histological variants. value (total number of vessels in 3 hot spot microscopic fields/3). 25, 26 Single endothelial cells, strips, or clusters of endothelial cells that were positive for CD31 and D2 -40 were considered individual microvessels. Further, the median MVD of the entire group was used to classify patients into 2 subgroups: with high (> median) or low (≤ median) MVD. 27 statistical analysis The SPSS statistical software package version 23.0 (SPSS Inc., Chicago, Illinois, United States) was used for statistical analysis. The normality quotes of distribution were tested by the Kolmogorov-Smirnov test. The t test, the nonparametric Mann-Whitney test, and the χ 2 test were used, as appropriate. The receiver operating characteristic curves were used to determine the sensitivity and specificity. All reported P values were 2 -sided. A P value of less than 0.05 was considered statistically significant, and a P value of less than 0.001 was considered as denoting highly significant difference. Following the study of Sugitani et al, 28 patients with PTC were classified into low-or high -risk groups. Patients in our study did not have distant metastases or altered metastatic regional lymph nodes larger than 3 cm. Thus, patients aged 50 years or older with local extrathyroidal invasion were included in the high -risk group, and those under the age of 50 years with or without local extrathyroidal invasion were classified into the low -risk group. The MVD values were significantly higher in the high -risk group (P <0.05; FIGuRE 1A). Significantly higher MVD values were also observed in patients with local extrathyroidal invasion (P <0.05; FIGuRE 1b). Additionally, higher MVD values were strongly associated with the presence of vascular invasion (P <0.05; FIGuRE 1C ). The obtained data indicate that MVD may be a valuable marker of vascular invasion (sensitivity, 75%; specificity, 67.2%; cut -off, 3.88; FIGuRE 1d). Representative images illustrating different patterns of CD31 -positive microvessels are shown in FIGuRE 1E.
Papillary thyroid carcinoma angiogenesis in relation to vascular endothelial growth factor and cyclooxygenase-2 expression To better understand the potential mechanisms of angiogenesis in PTC, we examined the association between MVD and the expression of the proangiogenic factors VEGF and COX -2. The median blood vessel count for of LVD was performed using the highly specific lymphatic endothelium marker D2 -40. Three areas with the highest number of blood and lymphatic vessels ("hot spots") were selected by light microscopy at 40 -fold and 100 -fold magnifications. The immunostained blood and lymphatic vessels were then counted in the 3 hot spots at higher magnification (200×). The MVD and LVD for each case were expressed as the mean a Statistical significance was determined using the χ 2 test.
Abbreviations: COX -2, cyclooxygenase 2; MVD, microvascular density; NS, nonsignificant; VEGF, vascular endothelial growth factor patients aged 50 years or older who had larger tumors (pT2 and pT3) (FIGuRE 2A) .
In the present study, COX -2 expression was not related to clinical and pathological characteristics of patients with PTC (data not shown). However, patients with PTC were further categorized into the following groups: VEGF(-)/COX -2(-), VEGF(+)/COX -2(-), VEGF(-)/COX -2(+), and VEGF(+)/COX -2(+), on the basis of positive or all patients with PTC was 3.00 (per 200 × field), with an interquartile range of 0 to 5.58. Accordingly, patients were classified into 2 groups: high MVD (>3.00) or low MVD (≤3.00). As shown in TAbLE 2, high MVD was strongly correlated with positive VEGF but not COX -2 expression. Additionally, a significantly increased frequency of positive VEGF expression was observed among Furthermore, a comparison of MVD between patients with MNG and those with FV -PTC and CV -PTC revealed significantly lower values in patients with MNG. Additionally, the percentage of patients with MNG with positive VEGF expression (9.1%) was significantly lower compared with those with CV -PTC (46.67%) and FV -PTC (14.29%). There was no significant difference in the p27 expression between noncancerous tissue and both PTC variants (Supplementary material online, Figure S1B ). dIsCussION The progression of thyroid carcinoma is an angiogenesis -dependent process. 14 In line with this finding, the present study showed increased MVD values in patients with PTC with high risk, as well as in those with vascular and local extrathyroidal invasion. Accordingly, MVD may be considered a valuable marker for the determination of vascular invasion. The well--established protumorigenic role of VEGF was reflected in the strong association between its positive expression and both high MVD and larger tumor size, in accordance with the patient's age. These results suggest that VEGF and COX -2 are involved in lymph vessel invasion either together or independently. Interestingly, histological variants of PTC demonstrated significant heterogeneity in their angiogenic and lymphangiogenic profiles. Thus, a significantly higher LVD compared with MVD was observed in FV -PTC but not in CV -PTC. Additionally, MVD was significantly reduced in FV -PTC compared with CV -PTC. Consistent with the reduced MVD, the percentage of patients with FV -PTC with positive VEGF expression was significantly lower compared with those with CV -PTC. Finally, there was a significant association between COX -2 and p27 expressions in FV -PTC but not in CV -PTC.
Vascular and local extrathyroidal invasion is a hallmark of PTC aggressiveness. 29, 30 In our study, higher MVD, as an indicator of the extent of angiogenesis, was strongly associated with the presence of vascular invasion. Histologically determined vascular invasion may be considered a sign of a greater tendency toward hematogenous spread of tumor cells and could result in increased formation of metastases. 31 The sensitivity (75%) and specificity (67.2%) of MVD regarding vascular invasion suggests that MVD may serve as a valuable marker for the determination of vascular invasion in PTC. Furthermore, higher MVD values were strongly associated with local extrathyroidal invasion and a high risk for local spread of tumor. The increased risk of recurrence and shorter disease -free survival were reported in patients with PTC with greater MVD, 32 but these findings have not been confirmed by other studies.
33,34
VEGF expression is increased in thyroid cancers, but this potent angiogenic factor is not related to poor prognosis regarding tumor size, multifocality, and/or the presence of lymphatic or distant metastases. 35 However, the expression negative marker staining. The expression of either VEGF or COX -2 was associated with an increased percentage of patients with lymph vessel invasion (FIGuRE 2b) . It seems that VEGF and COX -2 are involved in tumor invasion either together or independently. Representative images illustrating positive and negative VEGF and COX -2 staining are presented in FIGuRE 2C. There were no differences in the expression of these 2 markers between cancerous and adjacent noncancerous tissue (data not shown). (FIGuRE 3A) . Further, the percentage of CV -PTC patients with positive VEGF expression (46.67%) was significantly higher compared with those with FV -PTC (14.29%; P = 0.016) (FIGuRE 3b) . Interestingly, there was a significant association between the expression of COX -2 and p27 in FV -PTC (P = 0.000) but not in CV -PTC (FIGuRE 3C ). The present study demonstrated that p27 expression did not differ between cancerous and adjacent noncancerous thyroid tissue. The adjacent noncancerous tissues showed strong p27 nuclear staining, while cancer cells were considered as having mild cytoplasmic expression (data not shown).
Finally, to determine whether there is a difference in the expression of the studied markers (VEGF, COX -2, and p27), as well as differences in MVD and LVD between noncancerous and cancerous thyroid lesions, additional 11 patients with MNG were included in the study. In our samples, MVD was significantly lower in MNG than in PTC tissue. The positive VEGF expression was more common in patients with PTC, while the p27 expression was more frequent in MNG. However, there was no significant difference in the expression of these markers between cancerous and noncancerous tissue (Supplementary material, Figure S1A ). However, the expression of COX -2 and of D2 -40 as the marker of lymphatic endothelium was not detected in patients with MNG (data not shown). These findings may be due to the limited number of patients with noncancerous thyroid lesions in our cohort.
Some investigators have reported a significant association between age, sex, and increased expression of VEGF and COX -2 with an advanced stage of PTC. 37 In agreement with a previous report, 38 the data described herein show that positive VEGF expression correlates with high MVD. In our series, an increased frequency of positive VEGF expression was associated with tumor enlargement among patients aged 50 years or older, of VEGF mRNA and protein has been well documented in PTC. Overexpression of VEGF mRNA and protein has been observed in primary tumor tissue with the presence of lymph node metastases, as well as in secondary lesions of PTC. 36 Additionally, VEGF mRNA expression is increased in smaller tumors, whereas the VEGF protein is overexpressed at more advanced tumor stages of PTC. 36 COX -2 expression accompanied a lower frequency of p27 expression and was associated with higher LVD values in FV -PTC. It can thus be hypothesized that this pattern of COX -2 and p27 expression may affect the proliferation of lymphatic endothelial cells. This hypothesis supports the finding that COX -2 induction or overexpression results in increased production of prostaglandin E2, which further increases cell proliferation via p27 phosphorylation. 17 Moreover, it was reported that the phosphorylation of p27 is responsible for its degradation by the proteasome. 46 Furthermore, a possible mechanism explaining higher MVD in CV -PTC could be the higher frequency of positive VEGF expression in comparison with FV -PTC, which suggests that VEGF is a key player in PTC angiogenesis, especially in CV -PTC. Unfortunately, in this research, the expression of studied markers was not evaluated in other histological variants of PTC, such as the tall cell variant and microcarcinoma due to the limited number of patients. In summary, our results suggest that VEGF, COX -2, and p27 may be important biological markers that explain the differences in angiogenic and lymphangiogenic potentials between the follicular and classic variants of PTC. However, further studies with a larger number of patients are needed to elucidate the clinical significance of these intriguing findings. Contribution statement VS, GDR, and JP designed and performed the study and wrote the manuscript. IJ, AJ, and DP performed the study and analyzed the data. NJ and BSM contributed to data acquisition and interpretation. RDz and NA supervised and coordinated the project. All authors contributed to the manuscript. further indicating the impact of VEGF on tumor growth. The lack of VEGF expression in some samples of PTC in our study can be partially due to the fact that most of the included patients were in pT1 and pT2 stages. However, patients in pT3 stage were mostly VEGF -positive, suggesting that probably hypoxic and acidic environment characteristic for a more advanced pT stage stimulates the overexpression of VEGF. 36 However, there were no significant associations between positive COX -2 expression and MVD or clinical and pathological characteristics of patients with PTC. Previous studies have shown that the expression of COX -2 and VEGF may promote angiogenesis of thyroid carcinoma, 14 while the present data suggest that angiogenesis in PTC is mostly VEGF -dependent.
FIGuRE 3
Lymphangiogenesis is critical for the success of tumor cell dissemination. 39, 40 Evidence suggests that the expression of VEGF -C, a potent prolymphangiogenic factor, and LVD is higher in PTC with lymph node metastases than in PTC without lymph node metastases. 41, 42 The present study demonstrated that the expression of either VEGF or COX -2 is associated with the presence of lymph vessel invasion. It appears that VEGF and COX -2 may trigger invasion in PTC either together or independently.
Recent results reported by Woliński et al 43 suggested that the measurement of VEGF -C mRNA levels is important to distinguish benign and malignant thyroid lesions. They concluded that VEGF -C expression on the mRNA level is more useful than VEGF -A mRNA expression. In the present study, MVD was significantly lower in MNG compared with PTC. Some studies demonstrated that FV -PTC differs from CV -PTC both in morphological and clinical aspects. 44, 45 The present study provides evidence that FV -PTC has higher LVD compared with MVD. In contrast, there was no difference between LVD and MVD in CV -PTC. Additionally, the MVD values were significantly reduced in FV -PTC, as well as in MNG compared with CV -PTC. A previous report, with 123 samples, also demonstrated that VEGF mRNA and protein are overexpressed in CV -PTC compared with FV -PTC. 36 The authors also demonstrated a significant overexpression of VEGF -C mRNA, but not protein, in FV -PTC relative to CV -PTC. In line with the previous study, 36 our results show a similar trend for elevated LVD values in FV -PTC compared with CV -PTC, although this difference was not significant. Thus, it appears that the simultaneous analysis of LVD and MVD may be helpful for the determination of tumor behavior in different histological variants of PTC.
There have been no previous studies analyzing the lymphatic and angiogenic profiles in FV -PTC and CV -PTC in more detail. These data suggest that the patterns of COX -2, VEGF, and p27 expression vary depending on the histological variant of PTC. Our results indicate that COX -2 and p27 expression is inversely associated with FV -PTC but not CV -PTC. In particular, the high frequency of
